Introduction
Neutrophils are believed to play an important role in defence against bacterial infections. In mam mals neutrophils are a major phagocytic cells and appear rapidly at an inflamatory site. In addition it is known that neutrophils in mammal include a large amount of glycogen in their cytoplasm and their glycogen are the energy source for motility (KAKINUMA, 1976; WAGNER, 1947) .
We descrived that the neutrophils in the peri pheral blood of the eel injected with bacteria showed changes in PAS reaction and these PAS positive substances in the neutrophils were iden tified as glycogen by salivery digestion test (NAGAMURA and WAKABAYASHI, 1983) .
In the present study, we investigated the changes in glycogen content in the neutrophils of the eel injected with various extraneous materials like bac teria, and examined how the glycogen is used as a source of energy by examining the locomotion and phagocytosis of the neutrophils. Materials and Methods
Experimental Fish
Eel (Anguilla japonica, 150-250 g of body weight) cultured in the Fisheries Laboratory of Tokyo University was used.
Extraneous Materials
The extraneous materials used were formalin killed cells of Vibrio anguillarum and of Edwardsiella tarda, and 2% solution of casein as well as physiological saline as a control.
Blood Samples
Blood samples were taken from the eel which were injected with formalin-killed cells of bacteria ., 2% solution of casein and physiological saline be fore 12 hrs or 24 hrs. Most of the whole blood cells were used for neutrophil isolation and the rest were prepared for the blood smears, which were stained with May-Grunwald Giemsa (MGG) and Periodic acid Shiff reaction (PAS).
Isolation of the Neutrophils
Neutrophils were separated from the peripheral blood by using Ficoll-Metrizoate solution (Fig. 1 ). One ml of undiluted blood were carefully loaded onto Ficoll-Metrizoate solution as the separation medium and the tube was centrifuged for 30 min at * Present address:
Medical Dept . Research Labora tories Ueno Fine Chemical Industries, Ltd., 1-127, Higashiarioka, Itami-shi, Hyogo, Japan. 1500 rpm.
The whole blood cells were divided into three layers by centrifugation ( Fig . 2 injected with formalin-killed bacteria, 2% solution of casein and physiological saline showed Fig. 4,  Fig. 5 and Fig. 6 , respectively. The neutrophils in the eel injected with 2% solution of casein showed a marked migration. In the fish injected with formalin-killed bacteria, the neutrophils migrated considerably. In the control fish injected with phys iological saline, in comparison with neutrophils in the eel injected with 2% solution of casein or formalin-killed bacteria, the migration distance of the neutrophils varied widely.
Phagocytosis of the Neutrophils
The bacterial phagocytosis were examined in vitro using the whole blood cells in the eel injected with formalin-killed cells of E. coli , with 2% so lution of casein and with physiological saline. As shown in Table 2 , after incubation for 30 min, the neutrophils in the eel injected with the formalin killed cells of E. coli showed a marked phagocytosis and their phagocytic rate were 40% and 56%.
Whereas, the phagocytic rate of the neutrophils in the eel injected with physiological saline were 16% and 17%. In the case of 2% solution of casein, it was the lowest.
The phagocytosis of the neutrophils against bac teria are shown in Fig. 7 Fig. 7-1 ) and the cytoplasm of their neutrophils were stained well with PAS ( Fig. 7-2 ). After 12 hr incubation, their neutrophils had vacuoles, where the phagocytized bacteria were observed and they became swollen, the PAS reaction of neutrophils phagocytizing bacteria became less prominent gradually ( Fig. 7-3, 4 ).
Discussion
It is known that neutrophils in mammals contain a large amount of glycogen in their cytoplasm (KAKINUMA, 1976; WAGNER, 1947 jected with 2% solution of casein. Therefore, it is speculated that the locomotion of neutrophils does not necessarily depend on a large amount of glyco gen in their cells. Whereas, in phagocytosis of the neutrophils, the neutrophils in the eel injected withthe formalin-killed cells of E. coli showed a marked phagocytosis after incubation for 30 min. From those fact, it is probable that the glycogen is used as an energy source for phagocytosis rather than for their locomotion. And it is to be noted that the phagocytosis is likely to be taken place non specifically, from the fact that the neutrophils in the eel injected with E. coil responded quickly for the administration of E. tarda.
Thus, the neutrophils play a major role in primary response against bacterial infections.
